In this article, the pattern learned from the classic or conventional rotating circular genetic code is transferred to a 64-grid model. In this non-static representation, the codons for the same amino acid within each quadrant could be exchanged, wobbling or rotating in a quantic way similar to the electrons within an atomic orbit. Represented in this 64-grid format are the three rules of variation encompassing 4, 2, or 1 quadrant, respectively: 1) same position in four quadrants for the essential hydrophobic amino acids that have U at the center, 2) same or contiguous position for the same or related amino acids in two quadrants, and 3) equivalent amino acids within one quadrant. Also represented is the mathematical balance of the odd and even codons, and the most used codons per amino acid in humans compared to one diametrically opposed organism: the plant Arabidopsis thaliana, a comparison that depicts the difference in third nucleotide preferences: a C/U exchange for 11 amino acids, a G/A exchange for 2 amino acids, and G/U or C/A exchanges for one amino acid, respectively; by studying these codon usage preferences per amino acid we present our two hypotheses: 1) A slower translation in vertebrates and 2) a faster translation in invertebrates, possibly due to the aqueous environments where they live. These codon usage preferences may also be able to determine genomic compatibility by comparing individual mRNAs and their functional third dimensional structure, transport and translation within cells and organisms. These observations are aimed to the design of bioinformatics computational tools to compare human genomes and to determine the exchange between compatible codons and amino acids, to preserve and/or to bring back extinct biodiversity, and for the early detection of incompatible changes that lead to genetic diseases.
Introduction

1
How many ways exist to reach a specific mathematical result? Certainly numerous; however, some of them are more practical or logical for use than others. For example, to reach 64 as a result by multiplying only, we have the briefer and more straightforward way, which is 8 x 8 = 64, or the strategy we found directly in the genetic code, based on all possible combinations of the four nucleotides in codons, which are the nucleotides grouped by threes, which mathematically written is 4 x 4 x 4 = 64.
In the same way that we can reach the result of 64 in at least two ways, the total number of codons based on the best representations of the genetic code, can be reached in at least two information-filled ways. The minimal way to validate anything experimentally or mathematically is by having at least two ways to reach the same result; in this case, a circular genetic code and its non-circular equivalent.
The word "workings" used in the title of this article is to pay homage to Richard Grantham and to his excellent earlier research on codon usage among organisms (Grantham, 1980 
could be /sec) at the the whole The light of he resulting cond glacial tside of the universally known is E=mc 2 , which represents its destructive side; i.e., if you project a pencil (m=mass) with the speed of light (186,000 m/s) at the square (c 2 ), the pencil disintegrates, transforming itself into energy (E) like an atomic bomb. Light is both energy and mass, as the photons attracted by planetary gravities in their interstellar travel demonstrate. Fig. 1B and 1D presents the two encompassing or massive glacial ages the earth has experienced in its existence, being the first a global or universal event, while the second was a partial one, localized mostly on both poles of the Earth's Pangaea. In the first glacial age, the Solar System was drowned by the waters, freezing its "nucleation centers" (sun and planets), and "paralyzing" their orbital movements and rotation. This event evidently extinguished the dinosaurs and all their contemporaries. Evidence of gigantic showers of ice-meteorites has been found worldwide, even on the surface of the moon! A terrestrial and lunar "cratering" (Schulte et al., 2010; Bottke et al., 2007; Becker et al., 2004) originated in the first glacial age. All the animals that breathe were drowned and died under those waters and under those freezing conditions. Fig. 1C depicts the resolution of the first ice age by the removal of the waters and/or melted ice from the dark space outside the Earth's atmosphere, taking them to the thick monolayer of water present in the exterior of the universe. Einstein advanced some initial mathematical considerations for a circumscribed universe (Einstein, 1917) , something further supported by Lemaitre/Hubble's discovery that the universe is expanding like a spherical or elliptical balloon (Block, 2011; van den Bergh, 2011; Smith, 1982) . Einstein used the concept of quantum and the quanta of energy (Einstein, 1911) ; before Einstein, Max Planck worked on it, and after him, Niels Bohr (Carson, 2000) developed it further than them, i.e., to represent the orbital flow of electrons within the atom.
The light of the first day after the first and global glacial age, being different to the absent lights of the sun and the stars turnedoff by the waters, was a light that was warm enough to melt the universal ice in preparation for its removal, taking those waters, as mentioned before, from the dark space to the outside of the universe. After this removal of waters, planet Earth was left as a 100% blue planet filled all over with water, with only waters on its surface but not dry land. The one-continent piece of land called Pangaea (Whiteside et al., 2011) emerged later with every conceivable plant also emerging from it. The DNA was saved and preserved from the first glacial age, mostly through the seeds of plants (McLoughlin et al., 2008) , microorganisms, and phytoplankton (Ribeiro et al., 2011) .
Even if the current conditions are not the optimal original conditions of the first humanity or the first blood, they are good enough for us to track the workings of the genetic code (Fig. 2) .
Here, I will translate the positional resonances ( Fig. 2 ) and homologies found in the classic rotating circular genetic code (Castro-Chavez, 2010) , into a rotating 64-grid representation (Fig. 3) of the genetic code. The main difference is that in the original conventional or classic circular genetic code, the order of codons is fixed in a sequential pattern of UCAG 3 for the first, second and third concentric circles, while the 64-grid representation will be more 'quantic', because positions can be exchanged between related codons within the quadrants.
I did choose a 64-grid representation because there are 64 codons, and because this is the chessboard number of the most clever table games, such as chess and checkers (Schaeffer, 2009) ; other related factoid is that one mile is equivalent to eight furlongs, a term still used in horse races (Staszkow, 2003) ; in India, a classic religious drawing of a man is a representation encased by 8 x 8 squares consisting of 64 gird cells only used for sacred buildings (Rao, 1988) . A theoretical puzzle to determine the minimal number of moves required to get a stack of 64 successively sized disks from one pin to another (the 64-disk monks' version of the "Tower of Hanoi"), having a total of three pins: 1) the one containing the 64 disks, 2) the seco need t appeare third em moving The previous observations are also a reminder that, similar to the Hebrew language, for women to produce their hormones (estrogens), they need to produce them in their ovaries first as male hormones (androgens), further modifying them in order to obtain their own hormones (estrogens). The pathway for the formation of estrogens starts in the same way as for the formation of androgens, after the cholesterol, in both cases with its derivative pregnenolone, to produce progesterone, being progesterone transformed into 17α-hydroxyprogesterone both in males and females.
The molecule 17α-hydroxyprogesterone is transformed into androstenedione both in males and females, being androstenedione then transformed into testosterone which is predominant in men, both in males and females. The female pathway branches further modifying androstenedione to produce their estrone, while modifying testosterone to obtain their estradiol (Berg et al., 2007) .
The bio-mathematical balance between codons per amino acid will be preserved in this novel 64-grid representation of the genetic code (Fig. 3) . Such balance for odd and even codons in the genetic code was previously demonstrated, and is: 2[1(1)+1(3)+1(4)+4(2)]=2[2(2)+3(4)] (Castro-Chavez, 2011a; here in Fig. 7) .
Through the use of biomathematics (Stewart, 2011) , we will add the ingredient of mathematics in the simplest way as possible, to the already complex reality of the genetic code, a code composed of biology, chemistry, physics and information (Jimenez-Montano, 2009; Barbieri, 2008) . By making the individual codon-rectangles, inside the 64-grid representation, that are codifying for the same amino acid, to alternate positions within their quadrants, we will represent the wobble effect, making this representation, with the help of quantum thinking, one step closer to reality (Crick, 1966; Siegfried et al., 2010) . However, the third position of the codons may be more important than previously imagined, similarly to the informational richness of what previously was considered "junk DNA" (Wells, 2011) , or the important role of the previously despised "pseudogenes" (Pink et al., 2011) , including the regulatory function of micro RNAs and their transport (Vickers et al., 2011) .
Experimental Section
The rotating circular genetic code (CastroChavez, 2010 and 2011a; here in Fig. 2 ) was 'translated' to a 64-grid "chessboard" representation ( Fig. 3) , while keeping the logic of its relative positions.
The three rules of variation previously described (Castro-Chavez, 2010) were adapted to this new structure (Figs. 4-6), as well as the mathematical balance of codons ( Fig. 7) , and the most used codons per amino acid in humans compared to the plant Arabidopsis thaliana (Fig. 8) , using the useful database developed by Nakamura et al. (2000) . The ratio of codons analyzed between H. sapiens and A. thaliana, was: 40,662,582 versus 31,098,475. Fig. 2 and/or Fig. 4 (or the same images without words in Appendix A1 and/or A2), can be printed twice, then pasting looking outward these identical duplicates at both sides of a solid cardboard or metallic cap of a can, while making a strong cord to cross through two small holes made near the center of the rotating genetic code (i.e., near the center, where cell 29 is, and where cell 36 is); then, knotting the cord at its extremes, to make the code to rotate with th while n rotate zumbad T produci An iden both re 64-grid 2007. Figure 5 . Rule 2 of variation translated from the classic circular genetic code to the 64-grid genetic code. This image represents the rule number 2 that establishes codon exchangeability in two quadrants between codons for identical amino acids (Arginine (R), Leucine (L), or Serine (S)), or related amino acids (Glutamate (E) and Glutamine (Q), Aspartate (D) and Asparagine (N), and for Q and N among themselves) (Castro-Chavez, 2010) . In a quantic fashion, all the mentioned codons per amino acid can rotate exchanging places within each quadrant. Clockwise: quadrant 1 is at the top right, quadrant 2 at the bottom right, quadrant 3 at the bottom left and quadrant four at the top left; the color for the rest of the codons has been removed to make easier the comparisons (the same for the next related Figs. 6 to 8).
We need to remember that the stop codons within the genes are positioned strictly in a non-random way, being the less used codons of all; if the positioning of the stop codons were random, we should be expecting some 30 stop codons per mRNA, when only one stop codon is present and necessary (Strachan and Read,1999) .
The codons per amino acid within each quadrant can 'rotate' in a quantic way, which means that each and every one of the codons for the same amino acid within quadrants may be capable to exchange positions.
In Fig. 3 the respective numbers per cell). Fig. 5 was able to keep the same rotational and relative positions for Arg at the corners of quadrants 2 and 3, while keeping in a contiguous rotational ladderlike configuration the codons for Ser between quadrants 1 and 3, while Leu again remained in the same 90 degree rotational position in both quadrants 1 and 2 as seen in the circular genetic code.
The same can be said for the rotational position of the acidic amino acids and their respective amides.
Notice that in Fig. 6 , only quadrant 2 lacks of any representative codon for rule number 3. For Fig. 6 , representing rule number 3, adding to the previously mentioned for F, L, S, R, V, E, and D, the next ones are the rotationally compatible, Figure 6 . Rule 3 of variation translated from the classic circular genetic code to the 64-grid genetic code. This image represents the rule number 3 that establishes codon exchangeability within one quadrant between codons for equivalent amino acids (Arginine (R) and Lysine (K); Serine (S) and Theronine (T); Glutamate (E) and Aspartate (D); Glycine (G) and Alanine (A); Tryptophan (W), Phenylalanine (F) and Tyrosine (Y), etc.) (Castro-Chavez, 2010) . In a quantic fashion, all the mentioned codons can rotate, exchanging places among themselves in their assigned spaces per amino acid within each quadrant. Jehl (1985) , Little Stint (Calidris minuta) x Temminck's Stint (Calidris temminckii), found by Jonsson (1996) , Dunlin x White-rumped Sandpiper (Calidris alpina x Calidris fuscicollis), found by McLaughlin (2000) , Curlew Sandpiper (Calidris ferruginea) x Pectoral Sandpiper (Calidris melanotus) = "Cox's Sandpiper" ("Calidris paramelanotos"), studied by Christidis et al. (1996) , Curlew Sandpiper (Calidris ferruginea) x Sharp-tailed Sandpiper (Calidris acuminata) = "Cooper's Sandpiper" ("Calidris cooperi"), studied by Cox (1990a Cox ( , 1990b , New Zealand Black Stilt x Pied Stilt (Himantopus novaezelandiae x Himantopus leucocephalus), studied by Pierce (1984) (Gibbons, 1996) .
Crustaceans
Crayfish: "Orconectes rusticus, or the rusty crayfish, and a native crayfish, O. propinquus (the blue crayfish), are indeed fertile" (Roush, 1997 (Deckert, 1917) ; the fire-bellied toad Bombina bombina and the yellow-bellied toad B. variegata "interbreed within the region of overlap and produce viable, fertile hybrids resulting in a stable hybrid zone" (Kruuk and Gilchrist, 1997) .
Flowers
"Two sister species of monkey-flowers (Mimulus lewisii and M. cardinalis) in the lab easily produce fertile hybrids" (Morell, 1996) .
Mammals
Wallabies: "in the north of its range, there is a narrow hybrid zone in which there is interbreeding between Petrogale penicillata and the neighbouring species, Petrogale herbertii" (Hutchins, 2002) , etc.
Elsewhere, I also mentioned that the list is too long, that these additional examples will suffice, to demonstrate that a solid and compatible interbreeding already takes place in nature.
The rotating genetic code, either circular (Castro-Chavez, 2010 , 2011a or in this novel 64-grid format presented here, is proposed as a tool for the comparison of compatible genomes because its capability to discriminate differences and similarities, not only within human populations and their polymorphisms, but also for the general study of compatible genomics in nature, with the potential advantage of allowing to observe side by side the changes of nucleotides in exons, and their corresponding changes in amino acids, not only inside gametes, but also for the early detection of somatic changes within hazardexposed cells to prevent cancers and other diseases (Castro-Chavez, 2011a) . Table 2 exemplifies the spectrum of possible changes. The basic conceptual equations expanded for the rule of variation number six are: 1) Genes + Environment = Natural Variation Notice here that the genomic variation to adapt to a changing environment is a slow process that starts working selflessly for at least two generations before the inheritance of a more adaptively advantageous polymorphism; those polymorphisms can experience a non-random reversion by a process barely understood (Castro-Chavez, 2011a).
2) P1 + P2 = F1f
If P1 + P2 = F1f (F1 Fertile), then P1 and P2 are varieties of the same theme, no matter how morphologically different they may appear; v.gr., Chihuahua dog and Saint Bernard dog.
3) P1 + P2 = F1s
If P1 + P2 = F1s (F1 Sterile), then P1 and P2 are members of a different theme, no matter how morphologically similar they may appear, v.gr., horse and donkey (CastroChavez, 2011a). The exceptional "fertile" female mules that interbreed by natural means produce 100% horses, depending on their resulting chromosomal random pool.
Recently, I learned that the classic circular representation of the genetic code is also called, at least since 1995, "the rising sun" ("el sol naciente" in Spanish, as seen in Luque-Cabrera, 2001 ).
The rotational blend of colors and their white light emission in this "disco zumbador" quantic representation of the genetic code (circular or square), may also be considered as a metaphor for the property of light emission by biological molecules (Popp and Belousov, 2003) , including the biophotonics of the quantum optical properties of DNA, its coherent ultra-weak photon field, and the possible role of DNA for photonic storage (Popp, 2003) .
Conclusions and Outlook
This article demonstrates that it was possible the 'translation' from the conventional or classic rotating circular genetic code (CastroChavez, 2010) to the 64-grid new representation of the genetic code. By using 'quantic' ways of thinking we may be able to reach faster heuristic solutions impossible to be obtained otherwise.
The third nucleotide position of the codons may be more important than previously imagined, as demonstrated by the radically different preferences exhibited by humans when compared to A. thaliana.
The codon usage preferences per amino acid are leading us to at least two hypotheses, the possibility of: 1) a slower translation in vertebrates, contrasted to 2) a faster translation in invertebrates due possibly to the aqueous environments where these invertebrates live (squid, octopus), or are indwelled with (plants).
By studying the codon usage preferences per amino acid we may be able to easily determine the closest compatible genomes, which was one of the earliest attempts done by Grantham (1980) with his "genome hypothesis", as well as to compare these preferences with the ones of individual proteins within the same organism, to learn about the structural and functional third dimensional aspects of their mRNA, and its transport and translation within different cells and organisms.
The 64-grid representation is used here for the first time as a rotating image of the classic rotating circular genetic code, a quantic model to represent the 64-codon genetic code.
The rotating representation is different to the classic square representation of the genetic code (Khorana, 1965) , which, as demonstrated elsewhere, falls short providing molecular information (CastroChavez, 2010) .
By the use of this 64-grid representation, similar advantages to the ones reported elsewhere for the circular genetic code can be achieved, to evaluate compatible variation in nature, and for the early detection of hereditary genetic diseases (Castro-Chavez, 2010; 2011a) .
A slight improvement over the invariable conventional circular genetic code was introduced here in this 64-grid representation, which is the 'quantic' concept of mobility within quadrants for equivalent codons, and maybe among quadrants by the codons for the same amino acids, an aspect in need of further study to experimentally define the relative mobility within less used or secondary codons, in function of the fixed primary or most used codon per amino acid.
The next step will be to design a precise, still elusive, 3D representation of the genetic code. The same features applied to the first and original human language (the so-called "mother tongue"), can also be found in the genetic code. Somebody wrote: "language is an engineered miracle" (Mozeson, 2011) , and, as we have seen, the same can be said about the genetic code.
By studying the codon usage preferences per amino acid we may be able to determine the genomic compatibilities, and to compare them to individual mRNAs, to learn about their structural and functional third dimensional aspects, and about their 3D transport and translation within cells and organisms.
The global codon usage per organism may be compared to the particular, or individual, codon usage per protein within the same organism to learn about the preferred environments for those proteins.
The 64-grid genetic code can also be made to rotate clockwise, either by the use of cords as indicated above, by putting at its center a pin with a fixed outer reference pointing towards the start codon (Met AUG), or by adding a virtual, size-adjusting clock's arm or, even better, a trail-less cell-walking dot (i.e., Rajeevan, 2011) .
In this number of NeuroQuantology, Négadi takes a "quantum-like" approach to find relational patterns in the number of atoms and nucleons within codons, their amino acids and precursors, as well as their water-interactions and the symmetrical importance of serine (Négadi, 2011) ; these studies, added to my upcoming research on the reciprocal folding (Castro-Chavez, 2011c) 9 of complementary codons within the 64-grid genetic code, will certainly inject novelty to future strategies for better 'information-rich' comparisons of genes and sequences in bioinformatics.
My studies on the genetic code are aimed at the design of computational tools to compare human genomes, and to determine the exchangeability between compatible codons and amino acids to generate, to preserve, and/or to retrieve extinct biodiversity, and for the early detection of incompatible changes that are leading to genetic diseases, while using the genetic code itself as the best engine of choice to compare compatible sequences. 
